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Abstract  
The non-destruction determination of static coefficient-of-friction for round balls can be challenging. The traditional 
tilt-table test on an individual ball will just cause the ball to roll off the table and little is accomplished. A three-ball 
test can be conducted however the balls will tumble if the friction is too high. An additional problem occurs with this 
type of testing in that the precise moment of impending slip is determined by observing the ball or ball sample 
material and this moment is hard to detect. A new nondestructive method of determining the precise moment of 
impending slip for a single-ball is presented using the center-of-pressure and a detectable change in the normal force 
acting on the ball. 
© 2012 Published by Elsevier Ltd. 
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1. Introduction 
There are many methods to determine the static coefficient-of-friction (COF) between two materials. 
For example, the American Society of Testing and Materials (ASTM) standard E1859 [1] requires that a 
fully functional automobile be pulled over a wetted or contaminated surface to determine the COF for car 
tires. High school physics students are introduced to Coulomb friction by means of the tilt-test where a 
block of sample material is placed on a flat surface of another material. This surfaced is then tilted until 
the block begins to slide and the resulting angle of tilt indirectly determines the COF. This simple tilt-test 
is not feasible for round objects; however, Okubo and Hubbard [2] developed a modified tilt-test using 
two basketballs and a round basketball rim.  
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To test a single round ball, Alaways et al. [3] introduced a new non-destructive friction test apparatus 
to determine coefficients-of-friction using an applied torque to the ball. Okubo and Hubbard [4] later 
showed a method to estimate coefficients-of-friction for basketballs using video and actual ball rebound 
trajectory data. 
In this paper, the test apparatus of Alaways et al. [3] is expanded upon by including a force plate to 
detect the location of the normal force acting on the ball when the torque is applied. By monitoring the 
location of the normal force, i.e. the center-of-pressure, that is acting on the ball, the exact moment of 
impending slip is determined and therefore an accurate value of normal force and applied torque can be 
found. Three soccer balls are tested on spruce and leather with repeatable, though with some unexpected, 
results. 
2. Methodology 
Three off-the-shelf soccer balls (Adidas F50, Adidas +Teamgeist, and Adidas Europass 2008) were 
acquired as listed in Table 1. The F50 ball is a low-cost practice amateur ball, while +Teamgeist (TG) 
was used in the 2006 World Cup and Europass (EP) in the 2008 European Cup. Both the TG and EP balls 
are constructed with a coating of thermoplastic polyurethane and are essentially identical though the EP 
ball has a dimpled surface to increase aerodynamic roughness. All balls tested were in the original unused 
condition. 
Table 1. General soccer-ball information 
 Model Manufacturer Cost (US$) 
Practice Ball F50 Adidas ~30.00 
World Cup 2006 +Teamgeist Adidas 150.00 
Euro Cup 2008 Europass Adidas 150.00 
The apparatus, discussed in Alaways et al. [3], used a single ball that was held in place and in contact 
with the material being tested. The material was placed on a digital scale to determine the normal force 
acting on the ball while an increasing torque was applied. Human observation was used to detect motion 
and record the normal force. The human factor made this apparatus tedious to use when it came to 
determining the exact moment of impending slip. 
Fig 1a shows a modify version of this apparatus. This updated tester uses three 50-N load-cells 
connected to LabView to determine the normal acting on the ball as well as to determine the real-time 
location of the center-of-pressure. In addition to the force plate, interchangeable grippers allow for 
different ball diameters and adjustable sliders that insure repeatable loading have been added. Fig 1b 
shows the side-view of the tester, where F is the applied load determined by a single 50-N load cell, N is 
the normal force, Ff is the friction force, R is the ball radius, and L is the location of the applied load. Data 
are recorded at 10-Hz for all load-cells and the center-of-pressure location, normal force magnitude, and 
applied force are graphically shown to the operator. 
Fig 2 shows a photo the F50 ball mounted and in contact with the wood sample tested. Note the three 
load cells holding the force plate in place along with the blue grippers holding the ball. The gripper axle 
and bearing supports isolated the ball from the direct applied load. The bearings holding the grippers were 
degreased so that only the applied torque and resulting resistive torque due to friction were in play at the 
moment of impending slip. One should note that because of the bearings holding the axle in place, the 
normal force and applied force in Fig 2 are not equal. 
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The force plate was designed to allow for various materials and for this paper, wood (spruce) was used 
for 5 tests on each ball and stretched leather for 10 tests. Before a ball was mounted, the test surface was 
cleaned and blown dry and each ball were washed with ethanol and allowed to air dry. Since the ball is 
elastic, the inflation pressure for each ball was set to 14 psi (0.96 bar), the high end of the recommended 
inflation pressure; this was to insure that the ball behavior was as near Coulomb friction as possible. 
Fig. 1. (a) Single ball friction tester; (b) Side-view friction tester 
Fig. 2. Close-up of load cells and ball in contact with wood sample 
After the load cells were zeroed, the ball was carefully lowered so that the same initial normal force 
was recorded on the force plate for each test. Using a fourth load cell, the applied load was slowly 
increased at a predetermined location, L, from the axis-of-rotation. By directly applying the load cell 
perpendicular to a pre-balanced support beam, the operator slowly pushes down at a near constant rate as 
shown in Fig 3. Observing the normal force acting on the ball, as seen in Fig 4a, and the center-of-
pressure location, shown in Fig 4b, the precise moment of slip is noted and the applied load is stopped. 
Figs 3 and 4 are typical results for the Adidas F50 ball. The curves are similar but not as dramatic for the 
TG and EP balls but sudden shifts are prevalent in the load and position traces recorded. 
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Fig. 3. Typical applied force, F. In this case, applied force for F50 ball tested on leather 
Once the trial was completed, all data was recorded and the force values were read directly from the 
graphs. The friction was then assumed to be Coulomb, due to the high ball pressure, and the COF was 
then determined using Eqn 1. 
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Fig. 4. (a) Typical normal force acting on ball, in this case F50 ball tested on leather; (b) Center-of-pressure along long axis of tester 
3. Results and Discussion 
Tables 2 and 3 show the results obtained from testing on spruce (wood) and leather. Five and ten 
samples were taken for each ball on the spruce and leather, respectively. In each case, the F50 ball had the 
highest recorded values and the TG the lowest mean. The TG and EP balls are coated with the same 
thermoplastic polyurethane and therefore it was predicted they would have the same COF, however the 
EP ball is dimpled to improve its aerodynamics characteristics. These dimples add roughness to the ball’s 
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surface and may have contributed to the higher COF though further investigation is needed. 
Table 2. Spruce results (n = 5)
Ball Mean Standard Deviation 
F50 0.83 0.027 
TG 0.50 0.009 
EP 0.61 0.013 
Table 3. Leather results (n = 10)
Ball Mean Standard Deviation 
F50 1.47 0.078 
TG 0.94 0.048 
EP 1.04 0.052 
4. Conclusion 
A modification to torsional round-ball COF tester was developed and presented to track the real-time 
center-of-pressure of the ball’s contact patch during testing to determine the precise instant of impending 
slip. The method was used to test three soccer balls on wood and leather and showed high repeatability. 
It was interesting to note that dimples on the surface of one ball may have created a higher COF, 
however, additional investigation needs to be conducted. 
Recommendations 
Additional testing to determine how inflation pressure, ball deformation, age, usage, and construction 
influence the COF should be investigated to determine the validity of this apparatus. 
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